The hemodynamic effects of 3 months of nitrendipine therapy were evaluated in 14 patients with mild to moderate essential hypertension. Nitrendipine reduced systolic and diastolic pressures from 145±4/95±3 to 119±3/78±2 mm Hg, respectively, (p<0.001) through a fall in total peripheral resistance index (46±4 to 34±3 units/mi2, p<0.001) without associated reflex cardiac stimulation. This antihypertensive effect was related directly to the height of pretreatment arterial pressure (r=-0.67, p=0.006) but not to age or pretreatment plasma renin activity. Renal and forearm blood flow increased, vascular resistance decreased, and glomerular filtration rate remained stable. In addition, nitrendipine reduced left ventricular mass index (133±7 to 116±5 g/m2, p=0.003) and wall thicknesses, changes that were accompanied by improvement in diastolic as well as systolic (ejection fraction and fractional fiber shortening rate) left ventricular functions. Intravascular volume did not expand with reduction in pressure. This study provides new information concerning the long-term hemodynamic effects and associated echocardiographic changes with nitrendipine. It also provides the first regional hemodynamic data in essential hypertensive patients detailing forearm and splanchnic changes and renal blood flow increase during prolonged treatment. (Circulation 1988;78:1394-1400 T he calcium antagonists have gained extensive use for the treatment of hypertension. 1-3 A new dihydropyridine, nitrendipine, has been shown to be effective as an antihypertensive agent in both animals and humans.4-7 The agent immediately reduces arterial pressure by lowering total peripheral resistance and improved arterial distensibility that were associated with an increased heart rate and cardiac output, most likely achieved through reflex adrenergic stimulation.5 Although the prolonged hypotensive effect of nitrendipine has been well demonstrated, conflicting results have been reported with respect to its hemodynamic actions.8-10 Therefore, this study was designed to evaluate its systemic and regional hemodynamic effects with more prolonged therapy.
T he calcium antagonists have gained extensive use for the treatment of hypertension. [1] [2] [3] A new dihydropyridine, nitrendipine, has been shown to be effective as an antihypertensive agent in both animals and humans.4-7 The agent immediately reduces arterial pressure by lowering total peripheral resistance and improved arterial distensibility that were associated with an increased heart rate and cardiac output, most likely achieved through reflex adrenergic stimulation.5 Although the prolonged hypotensive effect of nitrendipine has been well demonstrated, conflicting results have been reported with respect to its hemodynamic actions.8-10 Therefore, this study was designed to evaluate its systemic and regional hemodynamic effects with more prolonged therapy.
Patients and Methods

Patients
Seventeen patients (13 were men, and 13 were white) whose ages ranged from 45 to 67 years (mean+SEM, 55±2 years), with uncomplicated mild-to-moderate established hypertension were enrolled in the study. Detailed clinical evaluation failed to reveal a secondary cause for their hypertension. Patients with labile hypertension or women who were of childbearing potential were excluded from the study. Patients were qualified if, after discontinuation of all medication for at least 3 weeks, their diastolic pressure (Phase V of Korotkoff) in the supine position was 90-114 mm Hg. Each patient provided informed consent to a protocol previously approved by our institution's review committee.
Methods
The protocol began with 2 weeks of placebo treatment after having discontinued all other antihypertensive treatment. Thereafter, the patients received nitrendipine once daily. The first 6 weeks served as a titration period to achieve the effective therapeutic dose (supine diastolic pressure <90 mm Hg or a fall of 10 mm Hg). Treatment started with 10 mg once daily and increased to a maximal dose of 30 mg once daily, if required. All responding patients continued in the study for 3 months at their maximal effective dose. All studies were performed in the morning after an overnight fast. An intravenous line was inserted first so that after 60 minutes of supine rest blood samples could be obtained without disturbing the patient.
At the end of the placebo period, clinical evaluation included an electrocardiogram, chest radiogram, automated battery of blood chemistries, and 24-hour urine collection for creatinine and uric acid clearance and excretion of electrolytes. In addition, 24 -hour blood pressure monitor,"' baseline blood pressure, heart rate, and regional hemodynamic values were determined, and M-mode guided by two-dimensional echocardiogram was recorded. After 3 months of effective treatment, all clinical, laboratory, regional hemodynamic, and echocardiographic studies were repeated. where Ps is systolic pressure, Ds is end-systolic dimension, and PWs is end-systolic posterior wall thickness. The ESWS: end-systolic volume index ratio provides this additional index of myocardial inotropic function, which is independent of ventricular preload or afterload. 17 Diastolic function was determined with computer analysis (Model DPS/EC=500, Digisonics, Houston, Texas) as reported by Upton and Gibson.18 Septal and posterior wall endocardial echographic tracings were digitized from a point preceding one R wave to another point after the subsequent R wave. Continuous plots of the left ventricular minor axis dimension versus time or the rate of change of dimension versus time were generated. From this curve, the peak dD/dt during diastole (cm/sec) and the time of rapid filling phase (msec) were derived. For each patient, three to five consecutive cycles were analyzed and averaged. When interbeat variations of more than 10% were obtained, three to five additional cycles were included in the analysis. An increase in peak filling rate (or decrease in duration of rapid filling phase) indicates improved diastolic function.
Reproducibility of the echocardiographic results was evaluated by obtaining two echocardiograms 30 minutes apart. For the measured indexes, the correlations between the first and the second readings were highly significant (r=0.86 for systolic dimension with the r value of more than 0.9 for the remaining indexes). These data are consistent with those obtained earlier from our laboratory with two readings 90 minutes apart and a third measurement several weeks later.'5 Plasma Volume and Regional Hemodynamics Plasma volume was measured with '251-labeled human serum albumin. '9 Total blood volume and red cell mass were estimated from the plasma volume and hematocrit. Renal blood flow was determined by measuring the clearance of 'l'I paraaminohippuric acid, and glomerular filtration rate was determined by calculating the 24-hour endogenous creatinine clearance. Sodium and uric acid excretion were also measured, and fractional sodium excretion was calculated. Splanchnic plasma flow was obtained from the plasma clearance of injected indocyanine green dye (50 mg). '9 Forearm blood flow was determined with the Whitney mercury-in-rubber plethysmographic method at 50 cm H20 distending pressure.'5 For these measurements, the patient remained in the supine position, and room temperature was maintained at 25-27°C. Forearm flow was determined 20, 21 In four patients, atenolol 50 mg once daily was added to nitrendipine after the 3-month treatment period with nitrendipine and hemodynamic evaluation. After an additional 3 months, reevaluation was performed with the combined therapy. (Table 1) . This pressure reduction was not related to age or pretreatment plasma renin activity; however, it was correlated significantly to pretreatment blood pressure (r= -0.67, p=0.006) (Figure 1 ).
The fall in arterial pressure was associated with decreased total peripheral resistance index and increased cardiac indexes (Table 1) .
Significant improvements were determined in the renal and forearm muscle blood flow that were associated with their reduced respective vascular resistances (Table 2 ). Slight increases in splanchnic and cutaneous blood flows were also observed, but this was not statistically significant ( Table 2) .
Because of technical problems associated with the automatic portable blood pressure recording, only seven patients had satisfactory 24-hour blood pressure monitor records to analyze. In these patients, the drug was effective throughout the day, as presented in Figure 2 (p<0.001).
Echocardiographic Measurements
Left ventricular mass index decreased significantly during the 3 months of treatment (Table 3) . Nine of the 14 patients exhibited a decrease in left ventricular mass of more than 10%, but the decreased mass correlated poorly with the extent of pressure reduction (r=0.36, p=NS). Left ventricular ejection fraction and fractional fiber shortening rate significantly increased during the three months of therapy (Table 3 ). There was no evidence of a negative inotropic effect from the drug because the load-independent contractile index remained unchanged with treatment. Diastolic function, as indicated by peak filling rate, did not increase significantly (Table 3) , but in eight patients, an increase of more than 10% in peak filling rate was observed. The change in peak filling rate correlated with the change in left ventricular mass index (r= -0.68, p=0.005) (Figure 3 ).
Other Laboratory Determinations
Plasma and blood volumes did not change with treatment. Renal function, as reflected by the endogenous creatinine clearance (glomerular filtration rate), also remained unchanged (Table 4) . Serum uric acid concentration tended to be lower with nitrendipine treatment; however, neither the uric acid excretion nor its renal clearance changed significantly. Slight increases in plasma norepinephrine and renin activity were observed after nitrendipine, but these changes were not statistically significant. Fasting glucose, cholesterol, and triglyceride levels did not change with treatment (Table 4) .
In four patients who received atenolol, blood pressure control was improved, and mean arterial pressure decreased from 103+7 to 97+6 mm Hg. The heart rate and cardiac index decreased slightly, and an additional reduction in left ventricular mass was observed. All other parameters remained stable. Plasma volume (ml) Total blood volume (ml) Serum creatinine (mg/dl) Glomerular filtration rate (ml/min) Serum uric acid (mg/dl) Uric acid excretion (mg/24 hr) Urinary sodium excretion (meq/24 hr) Glucose (mg/dl) Cholesterol (mg/dl) Triglycerides (mg/dl) Norepinephrine (pg/ml) Epinephrine (pg/ml) Dopamine (pg/mI) Plasma renin activity (ng/ml/hr) Data are mean ±SEM.
Discussion
The present study confirms previous data that demonstrated the antihypertensive effectiveness of nitrendipine.5,7-10,22,23 The effectiveness was long lasting, and the once-daily intake controlled the blood pressure throughout the day. In contrast to reports with other calcium channel blockers,2425 there was no correlation between pretreatment plasma renin activity or age and the response of arterial pressure, thus suggesting that the effectiveness of the drug did not seem to be age related or determined by pretreatment plasma renin activity. Admittedly, our study included only 14 patients. Nevertheless, the decrease in blood pressure was determined by the pretreatment arterial pressure, and this was reflected by the positive correlation between these variables. In this respect, our results support previous studies with other calcium antagonists. 26, 27 The antihypertensive effect of nitrendipine, like other calcium antagonists, is mediated by a decreased total peripheral resistance, and this was associated with increased blood flow to kidney and forearm skeletal muscle. This antihypertensive effect was achieved with minimal side effects; only two patients withdrew from the study prematurely for these reasons. The blood pressure-lowering effect was maintained without a change in heart rate. Ferrera et a18 found a significant increase in heart rate after 8 weeks of nitrendipine treatment; however, most other studies failed to show this change with prolonged treatment. 9, 10 Acute administration of nitrendipine was associated with reflex cardiac stimulation5; however, with prolonged administration, this diminished.28 Even after 3 months, catecholamine levels remained only slightly, but insignificantly, elevated in our patients. Despite unchanged heart rate, the cardiac output remained significantly higher during nitrendipine treatment, reflecting greater stroke volume. This greater stroke volume could be ascribed to the slight increase in end-diastolic volume and improved cardiac performance because end-diastolic dimension did not change. The contractility index, which is independent of preload and afterload, also slightly improved. Moreover, systolic and diastolic functions did not deteriorate. In fact, left ventricular ejection fraction and fiber shortening rate increased. This suggests that nitrendipine did not produce a negative inotropic effect as indicated by others. 8 Previous 4 38 In conclusion, nitrendipine was used effectively as monotherapy for hypertension for 3 months. It controlled arterial pressure by reducing total peripheral resistance without associated reflex cardiac function. This treatment also increased renal and skeletal muscle blood flows and reduced left ventricular mass. These hemodynamic effects, in addition to the absence of metabolic changes, lend further support of the suitability of nitrendipine for antihypertension.
